Abbreviations FPG: fasting plasma glucose
To the Editor: Recently, two Phase 3 Exubera inhaled insulin trials in type 1 diabetes and a Phase 2 AERx inhaled insulin trial in type 2 diabetes were reported. No overall difference in HbA 1 c was noted, but fasting plasma glucose was lower in the inhaled insulin group in all three trials. What is the explanation behind the observation that inhaled insulin administered at mealtime lowers fasting glucose-a finding now reported three times?
In the first fully reported Phase 3 Exubera study, 203 patients were randomised to Exubera as mealtime insulin with ultralente as basal insulin, and 193 patients to premeal human insulin with NPH insulin as basal insulin. At the end of the 6-month trial, HbA 1 c was similar in the two treatment groups, and fasting plasma glucose (FPG) was 1.3 mmol/l lower in the Exubera/ultralente group [1] . At first sight, it seems that the different basal insulins could explain the lower FPG in the Exubera/ultralente group. However, the finding of a lower FPG was replicated in the second reported Phase 3 study, which randomised 163 patients to premeal inhaled insulin and 165 patients to human insulin, with both arms using NPH as basal insulin, injected twice daily at similar dosages. The results revealed that the FPG at endpoint was 2.2 mmol/l lower in the inhaled group. The authors state that 'it is possible that (1) the FPG decrease with inhaled insulin relates to IAbs functioning as a repository that slowly releases insulin... or (2) the inhalation of insulin may increase insulin sensitivity or reduce endogenous glucose release...' [2] . Also, in the first fully reported AERx Phase 2 study, 107 type 2 diabetes patients were randomised to either inhaled or human insulin as mealtime insulin, both groups using NPH at similar dosages as basal insulin. Again, no difference in HbA 1 c was found, but fasting serum glucose at endpoint was 1.9 mmol/l lower in the AERx group [3] .
A difference in the contribution made by the 'tail' of dinner-time inhalation and human insulin injection to nocturnal glucose homeostasis is also unlikely, as the duration of action of Exubera is very similar to, or even slightly shorter than that of human insulin [4] . The possibility that 'the inhalation of insulin may increase insulin sensitivity or reduce endogenous glucose release' comes from trials in dogs [5, 6] . In a first trial, inhaled insulin as compared with insulin infused in the portal vein increased non-hepatic glucose clearance for up to 3 h [5] . In a second trial, the amount of glucose needed to maintain euglycaemia over 6 h was 20% higher in the inhaled group than in the group that received subcutaneous insulin, despite similar insulin AUCs [6] . In all, it therefore seems unlikely that either basal insulin supplementation or the pharmacodynamic properties of inhaled insulin can account for the difference in fasting glucose noted with the use of inhaled insulin. The possibility that inhaled insulin could have a larger bioefficacy than injected insulin, or even increase insulin sensitivity over a longer period of time than its duration of action, lacks a theoretical explanation but warrants further study in humans.
Patients participating in inhaled insulin studies are, of course, fully aware of and probably attracted to the novelty of pulmonary insulin delivery. Those randomised to the inhaled group may have perceived this outcome of the randomisation process as the preferred one, and some disappointment may have occurred in those randomised to continuation of their old regimen. This may result in better overall adherence to the treatment regimen in the inhaled group vs the control group, possibly translating into a lower fasting glucose in the inhaled group. A study effect as large as 0.75% HbA 1 c has recently been reported in type 1 diabetes, so a difference of 1.3-2.2 mmol/l in FPG seems well within reach [7] . However, an argument against a study effect is that in none of the many trials investigating rapid-acting insulin analogues-an equally new treatment modality in their day of registration studies-noted a lower FPG in the intervention group [8] .
Might insulin antibody formation following inhaled insulin result in the 'morning low' syndrome? With the advent of purified human insulin, antibody formation to insulin injected subcutaneously has virtually disappeared as a clinical issue. Only with the use of implantable insulin delivery devices that deliver insulin intraperitoneally are patients with symptoms attributable to insulin antibodies encountered. The first systematic study of this phenomenon noted increased insulin antibody levels in 11 of 25 (44%) patients treated with intraperitoneal insulin. Four of these 11 developed nocturnal hypoglycaemia, despite lowering the insulin infusion rate to 0.5 U/h (n=2) or even stopping nocturnal insulin infusion (n=2). Two of these patients showed large increases in daily insulin requirements [9] . Another study reported that the development of insulin antibodies was associated with higher mean glucose values, higher postprandial glucose values and increased daily insulin requirements. Interestingly, two patients showed nocturnal falls in blood glucose despite stopping nocturnal insulin delivery, and in one of these patients, free insulin levels increased at night-time, from an average of 15 μU/ml during the day to 77 μU/ml at 24.00 h and 39 μU/ml at 04.00 h [10] .
Recently, pooled data from seven Phase 2/3 Exubera studies on the antibody response to inhaled insulin have been reported. More insulin antibody formation was observed in patients receiving inhaled insulin vs subcutaneous insulin, with larger antibody responses observed in type 1 than in type 2 diabetes patients. Antibody binding was not correlated with HbA 1 c, insulin dose requirements, hypoglycaemia rate or pulmonary function [11] . Also, the authors of the second Phase 3 Exubera trial noted that 'no correlation between insulin binding and FPG has been observed to date', although exact data were not reported. Moreover, the fact that the difference in fasting glucose was seen in type 2 diabetes, where less antibody formation is seen than in type 1, argues against a possible role for insulin antibody formation acting as a depot from which release during the night could lower fasting glucose.
In conclusion, the finding that mealtime inhaled insulin consistently lowers fasting plasma glucose is both intriguing and unexplained.
